Summary: IlluminaGUI is a graphical user interface implemented for analyzing microarray data from the Illumina BeadChip platform. All key components of a microarray experiment, including quality control, normalization, inference and classification methods are provided in a 'point and click' approach. IlluminaGUI is implemented as a R package based on the R-Tcl/Tk interface and is available for platforms on which R runs including Windows, Mac and Unix-type machines. Availability: http://IlluminaGUI
INTRODUCTION
Gene expression profiling has now become a widely used method to investigate transcription abundance on a genomic level. In this context, microarrays are the most widely applied technology since they measure the expression of thousands of transcripts simultaneously. One of the most recent technologies is the Sentrix BeadChip technology developed by Illumina (CA, USA), which has been recently launched for genomewide expression profiling (Kuhn et al., 2004) . Although the technology has been proven to be of highest quality (Patterson et al., 2006; Shi et al., 2006) , widespread use by the novice as well as experienced life scientist is hampered due to the lack of comprehensive analysis tools specifically developed for this technology platform.
For users of the Illumina BeadChip technology the options for sophisticated data analysis are currently limited to Illumina's Beadstudio or the Bioconductor packages 'beadarray' (Dunning et al., 2006) , 'lumi' and 'BeadExplorer'. The Bioconductor project (Gentleman et al., 2004) -primarily based on R (R Development Core Team, 2006)-is one of the most widely used open source software platforms for computing microarray data. The three Bioconductor packages mentioned are 'command line'-based and are designed for scientists with sufficient programming skills. While the BeadExplorer's limited GUI interface is restricted to quality control methods and data normalization, Illumina's Beadstudio tool offers basic analysis tools in a GUI environment, however, lacks many methods necessary for comprehensive microarray analyses including high-level statistical analyses. Moreover, it does not make use of widely accepted algorithms e.g. implemented in R.
To overcome the current limitations of data analysis using the Illumina platform, we introduce IlluminaGUI, a R package implementing a graphical user interface [based on the R-Tcl/Tk interface (Dalgaard, 2001) ]. IlluminaGUI is designed specifically for life scientists who are not familiar with a command line based environment like the R language but do not want to resign the vast analysis opportunities of R. To our knowledge, currently no other analysis tool enables researchers to perform a comprehensive microarray analysis workflow based on R in a GUI-based environment for this array platform. IlluminaGUI is freely available under http://IlluminaGUI.dnsalias.org. The website also provides a podcast user-guide.
FEATURES
IlluminaGUI offers a collection of R functions combined to an easy-to-use GUI-based analysis tool covering the key components of a microarray analysis-preprocessing, inference and classification. As input files IlluminaGUI is using the primary data output files derived from Illumina's Beadstudio. These files are in tab-delimited format and include the unnormalized expression values together with detection P-values for each probe. Right now, data for four different BeadChip versions (Human WG6v1, Human WG6v2, Mouse6v1, Mouse6v1.1) can be imported. Preprocessing of the data includes visualization of the data using basic diagnostic plots [e.g. MA plots (Dudoit et al., 2002) , box plots and pairwise scatter plots (Fig. 1A) ], determination of absent/present genes as well as normalization of the data using state-of-the-art normalization techniques. Here, the quantiles-method (Bolstad et al., 2003) , the vsn-method (Huber et al., 2002) and the qspline-method (Workman et al., 2002) are implemented.
IlluminaGUI provides several methods for identifying differentially expressed genes. Besides the combined t-test/fold change analysis, linear model analysis using LIMMA (Smyth, 2005 ) is offered to investigate the dataset. The methods are combined with procedures to correct for multiple testing, e.g. the FDR. In addition, the user is able to perform SAM analysis (Fig. 1B) as described by Tusher et al. (2001) . All *To whom correspondence should be addressed.
inference methods provide a fully annotated output file, which includes probeset IDs, symbols, gene names, Entrez Gene IDs and a Gene Ontology annotation. For this purpose annotation packages based on the original annotation provided by Illumina have been created and will be distributed along with the IlluminaGUI package.
For classification purposes both unsupervised and supervised classification methods are offered. At present, unsupervised classification is provided in terms of hierarchical clustering, k-means clustering and partitioning around medoids clustering. Especially, when using hierarchical clustering various distance measures and linkage methods can be selected. Genes for clustering can be defined by filtering of variable genes based on normalized variance across samples or predefined gene lists. Supervised classification is performed using two different methods-nearest shrunken centroids (PAM) and support vector machines (SVMs). Here, different feature selection techniques and cross-validation are provided. With both, the supervised and unsupervised methods the user obtains written as well as graphical outputs of the results. For example, when using PAM, the accuracy of each prediction, the overall accuracy and the certainty of a prediction can be exported to an Excel-File. In addition, a probability plot displaying the result of all predictions is created. We also introduce a new graphical tool-'ExploreGenes'-which has, to our knowledge, not been described or implemented in any of the R packages yet. With 'ExploreGenes' the user can examine the expression profile for predefined genes across the entire data set or parts of the data set. The profile is displayed as a contour-plot showing mean values of biological replicates and can be exported to an Excel-file or as graphical output.
IlluminaGUI not only enables the user to save graphical outputs and analysis results, but also to save an entire project, i.e. the analysis can be continued at any time from the point of saving. This feature avoids tedious computations to be repeated all over when restarting or continuing an analysis.
CONCLUSIONS
IlluminaGUI is a microarray analysis tool intended to enable the interested life scientist analyzing microarray experiments based on the increasingly used Illumina technology. In addition, IlluminaGUI can support the experienced user to expedite gene expression data analysis e.g. in a service lab environment. IlluminaGUI covers all aspects of a microarray experiment, starting from graphical quality controls to highlevel statistical analyses as, for example, PCA or supervised classification. While IlluminaGUI will enable the life scientist to perform a basic microarray workflow without the help of experts in bioinformatics, at the same time, it is intended to enable the novice microarray user to achieve a rather sophisticated gene expression analysis as a basis for fruitful interactions with experts in statistics and bioinformatics.
